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In this paper, wc (icscritw  an experiment to caiitmtc  tile optic-ai Sensor on boarci tiw Japanese
}k~r[i~  RCSOUKCS Satcliitc-  1 v.’iti]  (iata acquil’c{i by tile Ai!b[mc  Visit) lc/lrIfl;ircci  imap, in~
Spcctlolnctcl  (AVIRIS).

(h] tile ?7[11 of Au~ust i 992 tmtl] liw 01’S and AVIRIS  acquird data concur-rcntiy  over a
caiiblation targ.  ct on tile surface of I@crs i )ry I aim, [’California. “1’tm higi~ spcctrai  resolution
mcasurcrncnts of AVII<l  S }Ktvc  been convoivcd  [o tllc spcclIal icspollsc curves of the 01’S. q’licsc
(iala in co!ljunction  witi~ tile cmcsjxmiing 01’S (iigitizc(i  numbers il:ivc been uscci to gcncr:ik  ti]c
radiomctrlc calibration cocfficicnls for ttlc cigi]t 01’S bands. This cxpcrimcnt establishes the
suitabiii[y of AVIRJS for tlx- calib[atirrn  of spaceborne scr]sors  iJI the 400 to 25(K) nn] spcctrai
rc~ion,

1.0 lN’I’ROI)LJ(:’J’l[)N

(’aiibra[ion  of remote sc.nsing instrumcrlts  is requirc(i: 1 ) to derive c]uantilativc paralnctcrs of tllc
lirrtl]’s  surface, 2) to measure changes fronl rc~,ion to region an(i f[om time to time, 3) to compare
(iata bctwccn (iiffcrcnt sensors, and 4) to analyze measured data with ccmputcr  nmici  predictions.

“1’hc Japanese Iiarth Rcsourccs Satcliitc-1 (J1;RS - 1 ) was Iaunchc(i  in early 1992 wittl an Optical
ScnsoI (01’S). OPS has eight bands in spcctrai region from 400 to 2500 nm. ‘1’hcsc  ban[is  range in
width from 60 to 130 nm and arc ctcscribcd  in I’abic 1. 01’S h:is approximately 20 m spatial
resolution wit}) a 75 km cross-track swath.

AVIRIS  operates on a platform at 20 km alti[ude and n~casulcs ttlc total u~wclli]]g,  spcct[al
ra(iiancc from 400 to 2500 nm in the spcctr-urn  at 10 nrn spectral intcrvais. IXita arc acquirc(i as 1 I
krn by up to 100 km images with 20 m spatial rcsolutim.  AVII+IS is calibrated in tt~c laboratory
before anti after each flight season (Chricn  et al., 1990).  “1’hc laboratory calibration is valiciatcd
infti~i]t at ti]c beginning, micidlc an{i cn(i of each flight season (Concl  ct al., 1988, Ch’ccn et al.,
] 990, and [; I-CCO  Cl a]., 1992). I’his work has si]owri  AVIRIS  to have a radiomctric calibration of
better than 7 pcrccnt  irrfiight.

~’hc high spcctrai  rcsolutiorr ami vaiidatcci calibl-:ition of AVIRIS  provicic  the basis for t}lis
cxpcrirncnt to calibrate 01’S on-orbit (C;rccn ct al., 1993). I’igurc  1 SI1OWS a plot of t}lc AVIRIS
spectral covcragc with the JIXS - 1 01’S spectra] response curves an(i a transmission spcctr-um of
t}]c atmosphere.

2.0 J1;l<S1/AVIRIS CAI.I1IRATION I;X1’IRIMliNI’

On August  27til a caiibraticrn cxpcrirnent was carlicd out under clear sky conditions at Rogers Ihy
1.ake. ‘1’his  site is locatccl approximately iOO km north of 1.OS Angeles in the St:itc of California.
l]oti)  JIRS- 1 O1)S anti AVIRIS  irnagcd a calibration target on ttlc dry iakc brxi on ttlc 27th of
August (WC Sii(ic 9). The caiibraticrn target was a homogeneous 40 by 200 meter area of tile iakc
bcd witi] blue tarps placcci at each end. The spectral signature of these tarps aiiows unambiguous
location of the lake bcd calibration target in the AVIRIS  irnagcry.  Once iocatcci in ti]c AVIRIS
irna:cry,  (iata from the corrcspon(iing  region in the C)I’S  imagery arc Cxtrtrctc(i. I:or tilis
cxpcrimcnt,  ti~c fli:i]t  path of AVIRIS  was oriented orthogmai  to the JIRS- 1 groun(i  track and
cxtcndcci  to cover the entire 01’S swat}]. I’o iimit the effects from time-variabic atrnospilcric
transmittance, ti]c AVIRIS  overpass was synchroni~c(i with that of the JlilW- 1 01’S (iata
acquisition.

3.() AVIRIS  I)AI”A  ANAI.YSIS

‘1’otai upwciling rwiiance  spectra of the calibration target were cxtractcd front the AVIRJS  data.
‘1’tlcsc  dati]  were calibrated basui  on ttlc AVIRIS  calibration fiics and calibration ai:orithms



(C; ICCI) cl al.. 1091 ). “1’IIc avc’rayc  AVIRIS  SpL>C[IUItI  ot’ [lIL> -J() n] by ?()() n] calillia[i{m  l:lrgc[ af
l{t~gcts [I]y I.akc is sb(nvn  in I:lguw 2. ‘1’0 cs[i]llalc [Iw  U[)W’C]!II):  rwiiancc  a[ llIc lop ()!  Ilw

a[[t)osptwr~’,  a  IIanslnitlark’c  Spcctr’ul]]  ttom  Z()  krll to 100”  krn cd]  L’ut:Itc(l  by tbc MOIY1’RAN?:L
la~liatiic Imnst’cr  C(xlc (Ilcrk cl al., 1 989)  was uw’d.  1 .css Il]an 2 pcl-c-cr)t  abs(M plion duc t[~
stlalosplwric o?onc was c’alc’ula[cd for lhc visibtc por[ion  of the spcc(rult~. At 760 nn] ahso[ Ijtion
duc to o~y~cn and al 2050”  nrll absorl)lion duc to c’arl)(m diw~idc were’ also C[ll  Ulllill  C[l. ‘1’his
transt~~ittam’c  sp~~tr’lln]  WIaS  multiplied by tbc AVIRIS Iadiall(c  s[)c~t]il  to c(~lr~ct [tw A\’ll<IS
s[wc[r-urll  10 Illc lop ot’ tllc a[r))ospl)crc.

4.() [’A1.ll IRA”I’JON 01; JI:RS - 1 OPS

Spc~tral response curves of tlm 0}’S bands WCIIJ n]casurcxl  prior [() lauI)cb  of [IIC JliRS - 1 satellite.
“1’tlcsc Incasur-c[l 01’S curves were splint fit to tllc AVIRIS spectral charincl positions.  ‘1’tm
rcsulling splint fit spcclral  response curves arc strewn in ligurc 3. ‘I”tm  hi:ll sj)cctra]  Ics[)lution of
AV1]<lS  ;~llows :l(’’.U:l[C[C  ]])()(lc]ing of Illc Clght ()]’S bdIl(!$. SpC’Ctr”a] w’~i~h(in~ illn~ti~t]s  W’crc
(Icvcloprd  from [hcsc spectral rcsprmsc curves [() convolve IIIC AVIRIS upwclliag radianuc to tllc
Cl:]l[ b:lrl(ls of ttlc JI1}<S. I C)l~S. AV]R]S  (Ic1 ivcd upwc]]ins  radiance’s fo] 01’S haI)[]\ arc R1)ow’1]
in l:isurc 4 in co]~junctirm wit]] the top of tllc atr]]os]ltlclic  collcclcd  AVIRIS  spectrum.

I:mm tbc uncalibrated Jli}<S - 1 01’S irr)age of R6gcrs lhy 1.akc tlm digiti~.cd nunlbcrs  (I~N)  of’ tl]c
calibration targcl were extracted. I’hc dark signal of each 01’S band was cstirnatcd  based on a
sccnc acquired at night ami found to bc 0.0 cxccpt for band 6 whictl had a value of 0.41 )N. 01’S
radiomctric calibration coefficients (R(:CS) arc calculated from tllc 01’S 1 )h’ and the AVIRIS
measured radiance ccmvo]vcd  10 01’S c}lanncls. I:or  t}lc 27t}] of August 1992 (hc I< C’C’s for 0}’S
arc given in ~’able 2 in units of nlicrowatts per square-ccnti]nclcr nanometer stcrtid  ian digili?c (l-
nu!nbcr  (p W/crn2  nn~ sr I) N). “I”hc  nominal prclaunc}) RCTS are given in “1’able 2 as ivcll.

5.() 1’LJI’LIR1;  WORK

WoIk is planned to usc the 100 kln AVlt?lS fli,ght line to evaluate the variation in [l]c calibr:ition
across ttlc 01’S swat}]  derived from t}m 4096 dlffc]-cnt cross-track dctec[ors for carb 01’S hand.

INlrinp.  October 1992 and June 1993, JIIRS- I OPS and AVIRIS  acquired additional calibration
data Scls. “J’hcse dala will be analyz.cd to dclc]-rninc changes in tl]c calibralirm of OPS tllrougll
ti]nc.

Analysis of JIWS-1  01’S onboml  calibrator ctat:i and concurlcnt  AVIRIS data will be used to
cslablish ltlc calibration for tllc C)I’S  onboard  radirmctric  source.

l’inally, wc will investigate the possibility of solving for tbc spectral barkl shape of JI;RS- 1 01’S
using concur ]cntly acquircxl AVIRIS  and 01’S data over spcctr:illy  diverse targets.

6.0 CON(’I  .lJSION

J1lRS- 1 01’S has bc.cn calibrated cm orbit with tbc high altitude radiance spectra measured by the
AVIRIS  sensor. q’his cxpcrimcnt  establishes tbc usc of AVIRIS  as a calibratc(i  s~~cctrora(lio]]lcter”
at 2[) km a]titudc for tltc calibration of current and future spaccbrmc  sensors in this spectral
region.
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9.0 “1’ablcs

‘]’able 1. JI;I<S- 1 (3PS clnta characteristics

S} ’IH’RA1.
]Ianci
1
2
3
4
5
6
-t
8

~;;tcr nrn

660
810
810
1655
2065
2190
2335

Width nrll
80
60
1(KI
] 00.
110
110
120
130

GI:OMl~l’RIC
l:iclci of view 75 krn
lnktantancous  field of view 18.3*24.? m
*Stereo angle (881 nm) 15.3 ctcgrccs

Table 2. 01’S Radiornctric Calibration Cocfficicnts from the JI;RS - l/AVIRIS  (calibration ]lxpcrimcnt

AVIRIS Prelaunch
hand Radiance IJN I)ark RCC* R(C*
1 16.26 25.58 0.00 0.6356 0.5400
? 16.49 33.78 0.00 0.4882 0.4098
3 12.36 26.93 0.00 0.4589
4 12.30

0.4133
27.06 0.00 0.4545 0.3983

5 02.83 40.23 0.00 0.0704 0.0653
6 00.91 23.59 0.40 0.0393 0.0336
7 00.97 29.84 0.00 0.0325 0.0269
8 00.57 23.21 0.00 0.0245 0.0200
*(pW / cn)2 nm sr DN)

10.0 Slide

Slide 9, wrhicl] shows the AVIRIS  image of Rogers l)ry 1.akc calibration site, is located in the back
pocket of the book. in this slide the vcr[ical panels portray  the 224 spectral nleasurcmcnts
urdcrlyin: each 20 m spatial clcmcnt. A portion Of tllc tl~r~l~gcr~colls Playa sllrfacc was USC(I as
tl]c calibration target for the AVIRIS/OPS calibration cxpcrimcnt.



.

1 I .0 Figlll-cs

,! I
I [ Y

400  0 800 0 $00  0 10000  1 2 0 0 0  14000 18000 !800  o  2 0 0 0 0  2 2 0 0 0  2 4 0 0 0

Wsvwh (ml

l~i~ure 1. I>c[>iction of the 8 JI~RS- I 0}’S bands, typical atlnosphcric tmnsmission and the 224
A;lRIS spcciral  channels,
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l;igurc  2. AVIRIS  spectrum of upwclling mdiancx  from c:tlibration  target.
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l:igurc 3. J1{RS- 1 01’S spectral response curves splint fit to AVIRIS  spc.ctral channel positions.
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l;i:,urc  4. AVIRIS  Incasuml  radi:incc in JI:I{S - 1 01’S spectral bands and AVIRIS  spcct[ uin
con cclcd to top of’ the atmosphere.

80


